The use of arterial stiffness measurements in longitudinal cohorts of normal populations, hypertensive patients, diabetic patients, healthy elderly, and patients on hemodialysis have confirmed the value of this important measure of arterial health, and established its complementary role to measures of blood pressure. Its contribution to understanding cardiovascular and mortality risk beyond blood pressure measurements has moved measures of arterial stiffness into the ranks of factors such as elevated cholesterol, diabetes, and left ventricular hypertrophy in considering cardiovascular risk. The recent international collaboration's publication of reference ranges for normal people and those with hypertension, along with the American Heart Association's recent scientific statement on standardizing arterial stiffness measurements are important aspects to consider in future studies employing these valuable methods, particularly as interventions that not only lower blood pressure but improve arterial function are tested in the clinical arena.
Introduction
Incorporating a measurement such as arterial stiffness into clinical research and clinical care requires proficiency in performing such measurements, and knowledge of what the data derived during the measurement process mean to the clinical assessment and care of patients. More than a century of blood pressure measurements, and a panoply of intervention trials, have confirmed that properly done blood pressure measurements are a predictor of death and cardiovascular disease [1, 2] . Guidelines in most parts of the world over the last 4 decades have placed blood pressure measurements into reference ranges (stages) based on age and recommended goal blood pressure values when interventions to manage blood pressure are undertaken [1] [2] [3] [4] .
Noninvasive measures of arterial stiffness have been used in a number of cohorts over the last several decades as shown in figure 1. Until recently, the results were difficult to harmonize based upon the vascular territory studied and the methodology used to assess arterial stiffness. With the introduction of guidance for arterial stiffness measurements in 2006 in the European consensus document [5] , the publication of international reference standards in 2010 [6] , and the American Heart Association (AHA) scientific statement on arterial stiffness measurements in the USA [7] improved guidance is now available supporting greater uniformity in clinical studies and setting the stage for greater international collaborations as interventions which improve arterial stiffness are sought and studied in human populations.
The 2006 consensus document was the first publication to organize the approach to arterial stiffness, especially given the variety of approaches (tonometry, ultrasound, oscillometry, and magnetic resonance imaging) and the vascular territories studied. The main recommendations from this effort included a review of arterial stiffness physiology, measurement techniques, implications of arterial stiffness, and effects of medications [5] .
In 2010, the normal and reference values for pulse wave velocity (PWV), the noninvasive gold standard for measuring arterial stiffness, were published [6] . This huge effort included nearly 17,000 subjects (about 1,500 were normal subjects) from several cohorts and provided decade-specific values for carotid-femoral PWV in normal people, and in those with hypertension. The recommendation from this report that clinical concern was warranted when carotid-femoral PWVs exceeded 12 m/s was later modified by the artery research group of Europe to a value of 10 m/s [8] .
In 2015, the AHA published a scientific statement to encourage further standardization of arterial stiffness measurements incorporating input from researchers in Australia, Europe, Canada and the USA [7] . This statement reviewed the physiology behind the arterial stiffness measurements, the value that arterial stiffness brings into the clinical arena, the various methodologies used to assess PWV, how to assess new devices, considerations in measuring arterial stiffness in children, and an important segment on standardizing the procedural measurements. Particular recommendations are emphasized in the next section, and specific concerns that help standardize the measurement of PWV are reviewed in the section following that. 
Recommendations Regarding Measurement of Arterial Stiffness
There are several methodologies that purport to reflect arterial stiffness. These include simple calculations of pulse pressure (systolic minus diastolic blood pressure [9] ), regression formulae that evaluate the relative changes in diastolic pressure regressed onto the systolic pressure over 24 h (the ambulatory arterial stiffness index [10] ), and the magnitude of increase in the systolic pressure profile in the aorta from pressure wave reflection (augmentation pressure or augmentation index [11] ). While these indices reflect arterial stiffness to a degree, the best measure is either an invasive, or a noninvasive, determination of PWV, and this is recommended in the AHA scientific statement [7] , as well as in the European expert consensus document [5] .
Since it is possible to measure the PWV in any defined segment of the human circulation, or even estimate velocity from a single-point measurement, the question naturally arises: 'What pulse wave velocity measurement gives the most prediction for future outcomes?'. Both the consensus document [5] and the AHA scientific statement [7] recommend carotidfemoral PWV given the large preponderance of longitudinal data from cohort studies [12, 13] . Other methods such as brachial-ankle PWV and the cardio-ankle vascular index also provide excellent cardiovascular prediction; however, their use in non-Asian populations is limited when compared with carotid-femoral PWV [14, 15] .
The various technologies used to measure PWV include invasive pressure catheter measurements and noninvasive techniques such as oscillometry, tonometry, ultrasound and magnetic resonance imaging. These vary significantly in cost, time required to measure, and technical expertise required to undertake measurements, but all are considered as recommended methods to assess PWV [5, 7] .
Standardizing Arterial Stiffness Studies
As with any technology with a period of rapid growth, the need for standardization of the techniques becomes evident, particularly as new investigators enter the field and seek guidelines for undertaking these studies. Both the consensus document and the AHA scientific statement stress the need to standardize the conditions under which PWV measurements are undertaken to ensure reliability within the investigation itself and generalizability to other groups undertaking similar measurements in different populations. Table 1 summarizes the issues in standardizing the PWV measurement procedure.
One of the most important aspects of PWV measurements is the inclusion of the mean arterial pressure. Interventions which lower mean arterial pressure also lower PWV. This does not mean that the arterial stiffness was 'improved' as a result of the intervention. It is important to show a reduction in PWV that exceeds that expected by a change in mean arterial pressure alone. Standardizing validation methods for determining accuracy in new devices that measure arterial stiffness is also key to further enriching the PWV published database with quality studies. The guidelines from the Artery Society provide a framework for assessing PWV device measurement accuracy [16] .
How distance is measured is equally important. The consensus document [5] and the AHA scientific statement [7] both recommend measuring the suprasternal notch to the carotid pulsation site, and the suprasternal notch to the femoral pulsation site (in millimeters), and then subtracting the carotid from the femoral distance. The importance of doing this properly, especially in overweight or obese individuals, has been stressed in recent literature [17] .
Conclusion
Arterial stiffness measurements provide valuable predictive information for cardiovascular outcomes that complements standard risk factor assessments like blood pressure. Several guidance documents exist that provide direction for obtaining results that enable investigators to undertake studies that will provide both reliable data on arterial stiffness assessed in their own research, as well as ensure the ability to reproduce, or build upon, their findings in other venues and patient populations.
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